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ABSTRACT 

Direct  evidence  is  presented  for  the 
formation  of  c3IIu  metastable  molecules  in 
hydrogen  thyratrons.  The  presence  of  these 
species  had  not  previously  been  realized. 
Because  these  states  have  lifetimes  of 
100  usee  and  1  msec,  and  energies  greater 
than  lleV,  their  behavior  may  affect  thyra- 
tron  recovery  rates. 

INTRODUCTION 

This  paper  reports  recent  studies  of 
electrically  excited  hydrogen  at  low 
pressures  bearing  on  the  physics  of  the 
operation  of  hydrogen  thyratrons.  These 
include  1)  spectroscopic  measurement  and 
analysis  of  visible  emission  from  thyratrons 
and  2)  observation  of  the  formation  of 
metastable  electronic  molecular  states  in 
hydrogen  thyratrons.  These  results  suggest 
the  following:  1)  The  temporal  behavior 
of  specific  electronic  states  in  the  switch 
can  be  studied  making  it  possible  to  deter¬ 
mine  the  role  of  these  states  in  the  opera¬ 
tion  of  the  device.  This  point  is  signifi¬ 
cant  because  previous  experimental  work 
in  this  area  is  inadequate.  2)  Further 
study  should  make  it  possible  to  determine 
precisely  the  role  of  long-lived  electronic 
states  in  thyratron  recovery . 

EXPERIMENTAL 

Spectra  from  glass-enclosed  thyratrons 
were  obtained  using  a  scanning  monochromator 
with  resolution  of  approximately  . 3A,  and 
additional  time  resolved  spectra  were 
observed  with  a  temporal  resolution  of 
approximately  40  nsec.  In  a  typical  experi¬ 
ment  a  diffuse  emission  from  a  5C22  was 
observed  through  holes  in  the  grid  struc¬ 
ture.  Detailed  spatial  resolution  was 
limited  by  the  tube  geometry.  Current  in 
the  tube  was  varied  from  less  than  one  to 
over  300  amps  (peak)  by  discharging  capa¬ 
citors  directly  into  the  tube  at  voltages 
of  the  order  of  10  kV.  The  glow  from  the 
heater  interfered  with  spectra  taken 
continuously  only  below  4500A,  and  was  not 
observed  at  all  in  the  time-resolved 
spectra.  This  emission  can  be  easily 
eliminated  by  terminating  the  photomultipli¬ 
er  output  impedance  with  several  kfl  or  less. 

With  this  apparatus  it  is  also  possible 
to  make  estimates  of  electron  densities  and 
electric  field  strengths  as  a  function  of 
current.  This  can  be  done  by  measuring  the 
line  width  of  the  atomic  Balmer  emission  as 


a  function  of  current  and  determining  the 
corresponding  field  an 
from  Stark  broadening. 

SPECTROSCOPY 

Typical  emission  spectra  taken  from  a 
5C22  hydrogen  thyratron  are  shown  in 
Figure  1.  Two  features  (not  shown)  are  the 
only  atomic  features;  except  for  a  broadband 
emission  from  the  heater  the  other  features 
are  molecular  emission  from  excited  H2. 
Identifications  were  made  using  the  Dieke 
H2  tables . ( 3 ) 

The  dominant  feature  of  the  molecular 
emission  is  a  cluster  of  lines  due  to 
transitions  into  c3IIu.  The  states  are  seen 
in  the  potential  energy  diagram  in  Figure  1. 
The  c3nu  state  is  metastable  (lifetimes  are 
given  in  Table  I) .  Relaxation  of  c3Hu  state 
is  complex.  Briefly,  vibrational  and 
rotational  states  within  3t  can  predissoci¬ 
ate  via  b3l  if  they  have  positive  symmetry 
with  respect  to  a  reflection  through  the 
molecule  axis.  This  process  is  fast 
(10  nsec)  and  quickly  accounts  for  1/2  of 
the  3it  molecules.  For  the  remainder  this 
transition  is  very  strongly  selection  ruled 
disallowed.  These  molecules  (except  v=0) 
relax  through  a  dipole  allowed  infrared 
transition  to  a3  ,  a  non-metastable  state, 
with  lifetimes  of  approximately  100  msec. 

The  c3  v=0  state  is  lower  in  energy  than 
all  a3  states,  and  decays  by  quadrupole  or 
magnetic  dipole  emission  in  10-3  sec. 

The  2s  state  of  the  hydrogen  atom  is  also 
long-lived  (Table  I) .  Its  formation  is 
indicated  by  a  strong  Balmer  emission. 

DISCUSSION 

The  presence  of  long-lived  species  in  a 
low  pressure  gas-phase  switch  following 
electrical  excitation  deserves  serious  con¬ 
sideration  because  these  species  may  provide 
an  intrinsic  limitation  to  switch  recovery 
rates.  Research  into  switches  has  not 
recognized  that  such  metastables  exist  in 
hydrogen,  partly  because  these  states  have 
only  recently  begun  to  be  understood  in 
detail, (5-12;  but  primarily  because  the 
hydrogen  thyratron  has  a  relatively  rapid 
recovery  rate,  and  the  fundamental  limita¬ 
tions  to  recovery  are  not  well  understood 
in  detail. (®)  In  particular,  the  physical 
processes  occurring  during  the  recovery 
phase  that  are  a  function  of  collisions 
between  species  in  excited  electronic 
states  have  not  been  investigated,  and  the 
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relative  roles  of  ambipolar  diffusion  and 
metastable  collision  processes  deserve 
study . 

A  list  of  metastable  collision  pro¬ 
cesses  is  given  in  Table  II.  In  a  gas  at 
300  millitorr  collision  rates  between 
molecules  will  be  of  the  order  3  xlO®  sec“l, 
e.g.  approximately  3  per  microsecond.  Thus 
suggests  that  collision  processes  involving 
long  lived  species  deserve  consideration'. 
Collisions  with  walls  should  play  a  role 
in  quenching  of  metastables;  however  this 
process  has  not  been  characterized.  Of  the 
processes  listed  in  Table  II  Penning 
ionization  should  be  efficient.  Thus  for 
example  assuming  an  initial  concentration 
of  metastables  of  lO-^  cm-3  and  a  typical 
gas  kinetic  rate  of  10-3-1-1  obtains  for  a 
rate  of  electron  and  ion  generation,  r, 

r  -  10<10>  sec-3-  cm- 3 

This  number  is  only  an  estimate  and  cannot 
be  used  to  characterize  an  actual  device;  in 
particular  it  is  difficult  to  make  an 
accurate  estimate  of  initial  concentrations, 
and  to  account  accurately  for  collisions 
with  walls.  However,  it  should  serve  to 
demonstrate  the  importance  of  the  problem. 

It  should  be  possible  to  study  the 
temporal  behavior  of  these  states  using 
laser  induced  fluorescence.  For  example, 
using  tunable  dye  laser  at  approximately 
5800A  one  may  excite  molecules  in  various 
vibrational  states  of  c3ir  to  3a  or  others, 
and  then  observe  emission  either  back  to 
c3tt  or  to  a3S.  By  varying  the  delay  between 
the  current  pulse  and  the  dye  laser  excita¬ 
tion  it  will  be  possible  to  measure  the 
temporal  decay  of  3.ir  in  situ.  In  addition, 
it  should  be  possible  to  obtain  good  spatial 
resolution  by  modifying  the  grid  structure, 
although  in  lieu  of  this  it  is  possible  to 
make  observations  in  specially  constructed 
optical  cells.  It  may  even  be  possible 
to  correlate  current  densities  with  those 
in  actual  devices,  using  Stark  broadening 
and  current  measurements  as  diagnostics. 

CONCLUSIONS 


These  results  demonstrate  that  long- 
lived  species  are  being  formed  in  hydrogen 
thyratrons,  and  suggest  that  some  further 
understanding  of  the  subsequent  behavior 
of  these  species  would  be  useful,  and  is 
probably  important. 
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TABLE  I 

Metastable  Species  in  Hydrogen 


State 

Radiative 

Lifetime 

(sec) 

Energy 

(eV) 

H2 

c3ttu(v>0) 

1 

O 

1 — 1 

10.8 

h2 

c3ttu(v=0) 

lo-3 

10.75 

«2 

X1Sg(V>0) 

very  long 

.5 

H 

22Sj, 

2. 

.14 

10.2 
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TABLE  II 


Collisional  Processes  involving  Hydrogen  Metastables 


H2  +  e  +  H2*  +  e 

H  +  H2  H2  +  e 


Hornbeck-Molnar 


H*  (22S)  +  H2  -*■  H3+  +  e 

H2*  +  H2  -*■  H3*  +  H  +  e 

H*  +  H*  -*■  H  +  H+  +  e 

-*■  H2+  +  e 

H2*  +  H2*  2H  +  H2+  +  e 

-*■  H2  +  H2+  +  e 
+  H  +  H+  +  H2  +  e 
-*■  H  +  H3+  +  e 

H2*  +  H*  -+  2H  +  H+  +  e 
-*•  H2  +  H+  +  e 
->■  H  +  h2+  +  e 


Associative  Ionization 
Rearrangement  Ionization 
Penning  Ionization 
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IGURE  1.  (a)  Left  hand  side  of  diagram  shows  potential  energy  curves  in  region 

°f  interest;  simplified  right  hand  side  shows  curves  relating  to 
metastable  formation. 

(b)  Spectra  obtained  from  5C22  showing  metastable  formation. 
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